Recent research and monitoring undertaken by various institutions have emphasized measurements of river-water quality. Based on the results, government agencies have set guidelines to improve river-water quality management. However, the relationship between water quality and land use/land cover (LULC) has not been examined closely in South Korea to date. This study investigated this relationship in the Imgok River watershed. For this study, the relationship between water quality parameters, e.g. metallic ions, biological oxygen demand Future work will be conducted to take more samples in the entire river and season, to run water quality model and to choose a new method for better analysis and more accurate relationship between land-use and water quality.
INTRODUCTION
Although the majority of recent river water contamination research was mainly focused on the control of point source (i.e. wastewater treatment system), the relationship between land use and water quality and water quantity was not considered. However, an increasing population, developmental pressure, absence of land use planning, and competition for water resource resulted in a decline in water quality. Study on river water quality on watershed Downloaded from https://iwaponline.com/wst/article-pdf/62/11/2607/445799/2607.pdf by guest basis will help an improving water quality or a increasing water availability. For this study, many studies have been performed in follows. Land-use refers to the human purposes and activities that are associated with land cover (Meyer & Turner 1994) . Changes in river-water quality are strongly related with surrounding land-use and land cover (LULC) (Bolstad & Swank 1997 ) and the type of land-use usually determines the kinds and amounts of contaminants that flow into rivers, lakes and aquifers (Moss 1998) . The type of water contamination is directly related to anthropogenic practices and non-point or point source, which can be quantified in terms of the population density and landuse type in the watershed (Moss 1998; Elliott & Sorrell 2002) . According to basic concept, water contamination originating from a single, identified source, such as a discharge pipe from factory, is called point source pollution.
Pollution that does not originate from a single source, is called non-point source pollution. River water quality deteriorates due to diffused and concentrated pollutant loads from point source, such as abandoned mine drainage (AMD), and from non-point sources, such as forest, grassland, agricultural and residential area in the watershed (Baker 2003; Angela et al. 2009 ). Early studies on river water quality were mainly focused on the influence of point source, such as urban wastewater effluent (Perona et al. 1999; Smith et al. 1999) . Recently, river water quality was mainly focused on the influence of LULC within watershed (Fritch et al. 2000; Jarvie et al. 2002) .
Also, studies on river water quality were affected by the geomorphic characteristics such as drainage area, gradient and stream order on river physical characteristics for understanding elemental dynamics and quantifying diffuse sources of pollutants in the watershed (Johnson et al. 1997; Fritch et al. 2000; Jarvie et al. 2002; Huryn et al. 2003) . Elliott & Sorrell (2002) assess the influence of nitrogen and phosphorus from agricultural land on river systems. Zampella (2007) presented a case study of the Pinelands, New Jersey, USA, showing the causes of substantial landuse effects on water quality as related to agricultural development, urban density and domestic area. At the same time, the increasing availability of geographic information system (GIS), remote sensing (RS), and multivariate statistical techniques allowed researchers to investigate relationship between LULC and water quality (Richards et al. 1996; Johnson et al. 1997; Fritch et al. 2000; Jarvie et al. 2002) . Recently, the mathematical models were introduced and applied to field studies for better understanding and decision making to control pollution in the river (Cheng & Chau 2001; Chau et al. 2002; Wu & Chau 2006) .
The aims of this study were: (i) to assess the water quality in the river according to LULC and (ii) investigate the relationship between water quality and LULC using PCA and correlation analysis.
MATERIALS AND METHODS

Regional description
The The metal-ion content of all water samples were quantified by inductively coupled plasma emission spectroscopy (Varian Co., ICP-OES 730).
Statistical analysis
The variation of water-quality parameters were expressed using box-whisker plots, which were made using the SPSS V.12.0K software package (SPSS Inc., USA). We performed a correlation analysis to determine the possible relationship between water quality and land-use type. Also, since our data were not normally distributed, a non-parametric Spearman rank correlation was performed to compare relevant parameters. In addition, principal component analysis (PCA) was applied to reduce the number of variables (Nazire et al. 1999) . A correlation matrix was first formatted based on the scree plot, which graphs the eigen value against the factor number; three factors were rotated using varimax rotation to choose one of the orthogonal rotations (Hope 1968) . The rotated factor loading yielded the rotated factor matrix, which was the correlation between the variable and the factor. The range of the correlation value was 21 to þ 1. However, any results presenting correlations # 0.4 were omitted from this study.
GIS analysis
GIS was used to determine the land-use characteristics within the Imgok River watershed. Land-use datasets were obtained from the Korean Water Resources Corporation.
The categories include: (1) abandoned mine land (AML),
(2) forest/grassland, (3) agricultural land (cropland), (4) livestock and (5) residential areas; land-use datasets were edited. The GIS software was used to calculate the area of each land-use type within the Imgok River watershed. The lowest pH (4.2) and highest metal concentration were found in the nearest pithead. Far from the confluence (1.2 km), the pH returned to a near-neutral value, due to the influence of neutral water from tributaries. The major metals being introduced into the Imgok River are well controlled by the pH. Figure 2 suggests that flocculation could effectively remove the metals by introducing water with neutral pH from different water sources in the tributaries. The most abundant metal, iron, is the primary factor, and the most significant consequence of these deposits is obviously polluted appearance of the river. In the headwaters (S1-S3), the water quality in the Imgok River is dominated by the AMD.
Water quality in the Imgok River
In general, average river water quality in this country was TSS. This is because the metal ions or poorly biodegradable organic matter existed at these sites, close to the abandoned mine area.
At S4 and S5, the water quality was slightly improved due to the large amounts of inflowing fresh uncontaminated surface water from the southwest. Figure 3 shows that the change in water quality depends on effects attributable to surrounding land-use types. Also, the pollutant sources and concentrations can be predicted from the land-use type and the intensity of anthropogenic activity. In particular, the concentrations at S14 are much higher than those observed at other sites because domestic animal breeding facilities and a food processing industry are located near S14
and their wastewater is discharged into the Imgok River.
Land-use characteristics and PCA
GIS technique classified the land use in the Imgok River watershed into several distinct patterns, such as abandoned mine land (AML), forest/grassland, agricultural land, livestock and residential areas (Figure 1) . Li Re S1 S3 S5 S7 S9 S11 S14 S17 S20
Figure 3 | Boxes-and-whiskers diagrams for water-quality parameter levels according to land-use type; the significance level is a ¼ 0.05. (Cicek et al. 1998a,b) .
For the livestock land ( In the residential areas (Table 2 (e)), the total variance due to the first (BOD, COD, NH 3 , PO 4 ) and second (TSS, NO 3 , PO 4 ) principal component was 67.6 and 27%, respectively.
These results mean that the domestic wastewater characteristic from residential areas depends mainly on the first principal component group. Also, the first principal component group, such as BOD, COD, NH 3 and PO 4 , reflects indirectly on the chemical water quality characteristic from residential areas.
Relationships among water-quality parameters and individual land-use
The correlation coefficients among water-quality parameters according to individual land-use characteristics are shown in Table 3 (a-e). Within the AML, negative correlations occurred among all water-quality parameters (Table 3( (Cicek et al. 1998a,b) .
Similarly, agricultural wastewater was also characterized by principal component and correlation analysis. In the livestock land, stock-raising wastewater also had a significant influence on water quality. Specifically, the high levels of BOD, COD, TSS, NH 3 , NO 3 and PO 4 exerted fairly serious influences on the river. The conclusions drawn in this result were follows: the Imgok River water quality seemed to be mainly affected by wastewater effluent as point source. Also, the author suggested that stock-raising wastewater seemed to be not effectively removed by the existing treatment system within livestock land. The domestic wastewater from the residential area was seemed to be influence on water quality.
Based on the above, the conclusions drawn in this study are as follows: (i) LULC is a significant factor to influence on river water quality and (ii) This relationship should be based on the management plan for river water quality control.
Future work will be conducted to take more samples in the entire river and season, to run water quality model and to choose a new method for better analysis and more accurate relationship between land-use and water quality
